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Abstract 
Compact settlements or “Ksur” have been commonly used in the hot dry climate of Algeria in response to 
imposed local environmental conditions through passive design strategies or means. These strategies 
include three major levels: settlement planning, building design and building components. A compact 
settlement provides a protective thermal environment and responds favorably to the harsh environmental 
stresses. It is built to withstand the excessive heat and mitigates the stresses imposed by the environment 
on people occupying outdoors and improves indoor comfort with minimum energy consumption. 
Although, there are now technical means that would allow building design to ignore the climate, there are 
still good reasons to adopt passive techniques, not only economic, but also to promote environmental 
sustainability at both local and global levels. This paper aims to give an overview and a comprehensive 
understanding of the compact city concepts and strategies to cope with the harsh conditions of the desert 
in a sustainable way. Recommendations and basic principles that may be of benefit in sustainable 
building and settlement design in the future are also discussed. Erreur ! Signet non défini. 
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1. Introduction: 
 
By all climatic definitions, southern Algeria is one of the most arid lands in the world. The climate 
has been the foremost environmental factor that influenced the evolution of vernacular settlements and 
building design. To understand the nature of inhabitant responses to the challenges of climate and ensure 
survival it is important to examine the basic features of such climate. In hot dry climate of Algeria, the 
prevailing outdoor environmental conditions that influence inhabitants comfort are mainly of four types: 
High heat stress on summer days, resulting from the high ambient air temperature and the intense solar 
radiation; high glare from direct and reflected sunlight; prevalence of dust storms, mainly in the 
afternoons; in some regions with cold winters, cold winds in the winter season; low annual rain fall, 
torrential rain causing severe flood. In general the south of Algeria has a typical desert climate with 
variations between seasons and between day and night temperatures. The climate is hot and dry during the 
summer with cold nights and mild days during the winter. The rainfall occurs mainly in winter (around 15 
days per year) and the relative humidity is relatively low especially during the summer. There is no desert 
without winds. Wind is the main factor for the desert topography. Sandstorms occur during certain times 
of the year, usually in March and April. Regarding the Sirocco, it occurs at an average 11 days / year 
during the period from May to September months. Protection against the devastating effects of wind on 
the inhabitants has become a major problem to deal with. The use of screens and obstacles is one of 
responses. Under these harsh conditions and inhospitable surroundings it is important to examine how the 
vernacular settlements are designed and understand passive techniques used to improve comfort of 
inhabitants. In addition to the use of climate responsive buildings, people adapt their behavior and 
activities to the diurnal or seasonal climate changes: the internal migration from one time of day to 
another, or from one season to another, between parts of the house or areas that provide more comfortable 
indoor conditions [1]. 
In hot dry climate in southern Algeria, Compact settlements (known as Ksur, plural of Ksar) have evolved 
over time to make the best use of locally available materials and resources to provide comfortable shelter 
for populations inhabiting even the most extreme climates of the world with minimum energy 
consumption. Popular Ksur in the desert of Algeria are: M’zab Ksur (Ghardaia, Melika, Beni Izgen, 
Bounoura and El Atteuf), the Ksar of Ouargla city, the Ksur of Djanet city (El-Mihan, Azelouaz and 
Adjahil) located in the Wilaya of Illizi and the Ksar of Knadsa in the wilaya of Bechar. Fig. 1 is the 
geographical location map of the above mentioned compact settlements or Ksur. 
These settlements were adapted to give shelter for privacy and for thermal comfort [1, 2]. Privacy 
includes cultural, social, psychological and religious elements. For thermal comfort, the building must act 
as a barrier, transforming the outdoor climate to conditions suitable for indoor activities. Numerous 
studies have been conducted on this topic and several have recognised lessons from the past and 
demonstrated the usefulness of passive tools in achieving thermal comfort of inhabitants such as: wind 
towers [3], storage of coolness in adobe walls [4] and solar chimneys [5].  However, much remains to be 
elucidated concerning the complex interrelationships between the compact settlements and its challenging 
environment. 
This paper explores how a compact city can contribute to urban sustainability goals. It recognizes lessons 
from the past of having to live sustainability in a passive manner and thereafter pays full respect to a 
complexity of settlements, their urban dynamics, need for environmental adaptation to hot and arid 
climate, as well as ingenious solutions on all levels of the urban scale. This paper is intending to achieve a 
better understanding of the bioclimatic design aspects and peculiarities of traditional design strategies at 
three major levels: settlement planning, building design and building components. It also assess to what 
extent its morphological transformation, due to accelerated and uncontrolled modern urbanization, has 
impacted its environmental conditions. Strategies and solutions to meet these challenges and to reduce or 
repair the damages are proposed. 
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Fig. 1: Geographical location of Algeria vernacular settlements or Ksur 
2- Settlement planning 
 
2.1 Site selection 
 
Traditional settlements in southern Algeria provides an elaborated example of how a site may be 
exploited to assist defense, to benefit from summer breezes at night and to promote natural drainage and 
adapting generally to severe local climate. The land topography of a site could either be flat, sloping or 
undulating. If the land is flat, similar conditions would prevail over the entire site.  
Land form orientation has little meaning when the land is flat. This case applies to the Ksar of Ouargla 
where the site is flat. However, the orientation of slopes would make a difference. In area of hot-dry 
climate, a north slope would be preferable as it would receive least direct radiation. Location at higher 
elevations; above the valley level, on top of hills and on slopes diminishes the health risk associated with 
inversion and provides air circulation. Basin valleys reflect and concentrate the solar radiation while 
cooling air movement is impeded. Compact settlements of Mzab and El Mihan are built either on slope of 
the valley or on top of hills for these purposes. El-Atteuf, Bounoura and Beni-Izgen are built on slopes of 
the M’zab valley. Melika is built on top of a piton. Ghardaia, which is surrounded by the M’zab valley 
slopes, is built on top of a hill (Fig. 2 and 3). 
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Ksur of Djanet are implanted on the highland of Edjereoui valley and demonstrate how the 
topography is exploited to deal with environmental problems (Fig. 4). 
The lowland of a valley implies to serious flash flooding and to low air ventilation. Buildings located at 
the lower parts of the valley or lowlands 
will consume more energy for heating in 
the winter, toward the late part of the 
night, and for cooling summer than those 
houses located at higher elevations in the 
same area. The position of settlement in 
the valley or lowlands can cause heat 
island due to the reflected radiation from 
surrounding slopes. For this reason, the 
Ksur of Djanet are located on slopes 
higher than the Adjeriou valley (Fig. 5). 
 
 
Fig. 2. Diagrams showing how the topography of the site is exploited to well adapt with the natural environment (a—site plan, b—sections 
through the Ksur and the sites). 
 
Fig. 3: General view of Ghardaia Settlement on top of hill. 
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2.2 Settlement morphology:  
 
Unlike in moderate climates where can find 
cities in disperse forms, clustered forms and combined 
form [7], settlements in the hot climate of Algeria are 
arranged in a compact cellular layout with reduced 
exposed external surfaces. They are generally encircled 
with a wall for defense purposes and to prevent high 
velocity winds and sand storms from penetrating into 
the settlement during the day. Fig. 6 shows Beni Izgen 
settlement encircled with a defensive wall. 
The air inside the settlement is more static than 
outside it. Buildings are grouped together with narrow 
and winding streets, alleys and cul-de-sacs to reduce 
the effect of stormy winds and establish shadowed 
space throughout the day. In a hot-dry climate, this 
pattern provides a cool and comfortable micro-
climate that would also stay relatively warm during 
cold nights. According to [8], detached buildings 
increase the energy consumption five times more 
than clustered buildings having only a roof surface 
exposed to the external environment. Fig. 7 shows 
the mass plan of Ghardaia Ksar as a typical compact 
cellular lay out.  
 
 
Fig. 6: Settlement of Beni Izguen in Ghardaia surrounded with a high 
wall for defense. 
 
Fig. 4: Location of Djanet Ksur (adapted from [6]) 
El Mihan 
Azelouaz Adjahil 
Edjereoui 
Valley  
Palm Grove 
 
Figure 5: General view of  El Mihane Settlement on the slope of hill 
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Fig. 8: compact cellular layout of Ouargla Ksar showing winding 
streets and culs-de-sac. The surface area of its external envelope
should be as small as possible, to minimize the heat flow into
building. The ratio of the building envelope’s surface area to its
volume or ratio of floor area to its volume determines the relative
exposure of the building to solar radiation. The best layout is that
of a patio or a courtyard surrounded by walls and thus partially 
isolated from the full impact of the outdoor air. This
configuration is very common in hot-dry climate. Fig. 9 shows a 
compact tissue of Ksar El Mihan in Djanet.
2.3 Street size and orientation
The main objective in deciding upon a given orientation
in hot-dry climate regions is to
minimize the impact of the sun on the building in summer [9].
Pattern of solar radiation on different walls results in a clear 
preference for north-south orientation of the main facades, and
especially of the windows. Such orientation enables easy and in
expensive shading of the southern window in summer [9]. The 
amount of direct radiation received on a street is determined by
the street width. The orientation affects the time of the day when
the radiation is received. Modulating the street width and
orientation can very effectively minimize or 
maximize heat gain. Street width to building
height ratio also affects the daylight received.
Small street width to building height ratio ensures
narrow streets and thereby shading. In particular,
streets running north-south should be narrow. 
This would enable mutual shading from morning
and evening sun [10]. However, this aspect can
be considered advantageously only when
planning and designing new residential colonies.
In a hot-dry climate the main objective related to
streets layout are to provide maximum shade in
summer for pedestrian and minimum solar
exposure of the buildings along the streets. Fig.
10 are typical streets found in southern Algerian 
Ksur.
A north-south orientation of a street may result in
an east-west orientation of buildings along and
parallel to the street, which will cause
unfavourable solar exposure for these buildings.
From the solar exposure viewpoint an east-west
street orientation is preferable. Different
orientations of the streets will result in different 
Fig. 8: Compact cellular layout of Ouargla Ksar.
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Fig. 7:  Mass plan of the Ksar of Ghardaia as a typical
compact cellular lay out. 
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annual and diurnal depend on the shading 
in the streets and along the sidewalk. 
These patterns depend on the latitude of 
the city in question, and most hot-dry 
regions are around the 30 degrees north 
and south latitudes. Knowles [11] has 
compared the street shade patterns in 
different street orientations. He has 
concluded that streets running north-
south have better shading conditions in 
summer and better light conditions in 
winter than east-west streets. A street 
grid in "diagonal" orientation: northeast-
southwest and northwest-southeast was 
found to be a preferable pattern from the 
solar exposure aspect. It provides more shade in summer and more sun exposure in winter. Protection 
against sun for pedestrians on the sidewalks is very desirable in hot-dry regions. It can be provided by 
buildings with overhanging roofs, or colonnades in which the ground floor is set back from the edge of 
the road, with upper stories jutting out, supported by pillars. 
 
 
 
 
 
 
 
 
 
 
In hot-dry regions solar protection for pedestrians is much more important than rain protection. Built 
overhangs and colonnades provide, of course, protection from both sun and rain. When such built features 
are not available, solar protection can be provided by trees planted along sidewalks. 
The main factors affecting the frequency, intensity, and range of local dust storms are ground cover and 
the wind speed near ground level. The urban ventilation, as related to street layout in a hot-dry climate is 
secondary because during daytime hours high airspeed is not needed outdoors and not desired indoors. 
When there is a conflict between the solar and the dust considerations with respect street orientation. This 
conflict can be resolved by design means aimed at suppressing the urban dust level in the whole city. 
In hot-dry regions the main concern with regard to ventilation is to ensure the potential for ventilating the 
buildings during the evenings. To the extent that such ventilation can be ensured by the design of the 
buildings themselves (e. g., by use of wind catchers of some type), the street ventilation is of secondary 
importance, although light winds are desirable in the streets and open spaces, to mitigate the effect of 
solar heating. In fact, during the hot daytime hours strong winds are not desirable, as they promote dust 
generation.  
 
(A) 
 
(B) 
Fig. 10: Typical streets in (A) Ghardaia Ksar and (B) Ouargla Ksar 
 
Fig. 9: Mass plan of Ksar El Mihane in Djanet as a typical compact cellular lay out. 
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3. Building design: 
 
3.1 Courtyard house:  
Houses that incorporate a courtyard design feature 
are best for hot arid climates. That's because after 
sunset, temperatures fall considerably and create 
convection currents that replace the warm air with 
cool air. The air in the courtyard which is warmed 
during the day will cool down at night. Inhabitants 
keep doors and windows closed during the day and 
open them at night to maintain the cooler indoor 
temperatures naturally. Of course air conditioning 
may be your preference, but you'll probably only 
need it during the hottest temperatures in the late 
afternoon. 
Each single dwelling is designed in an 
introverted form defined by an open court shielded 
from the outside by the built spaces that surround it. The external walls are mostly to reduce radiation 
through windows: most windows face onto courtyards. The courtyard plays several functions. It allows 
air movement within the dwelling, due to the temperature difference between cool air within the shady 
streets, and hot air within the courtyard. Hot air within the courtyard moves upwards, from first floor 
ground through the top opening to other upper floors into the external atmosphere, and is replaced by 
cooler outside air. The central position of the courtyard within the dwelling makes it much quieter than 
the alleyways. It is less open in the lower than in the upper levels, and is divided into two. One part is 
open upwards for light and ventilation, and the other is a covered walk or porch. The porch, which is used 
for various family activities, is a balcony which partially or totally surrounds it in order to minimize direct 
solar gain. The urban courtyard house usually expands vertically, rarely affecting the size or form of the 
courtyard. Fig. 11 is a general view for a typical courtyard found in M’zab dwellings showing how a 
courtyard is used to regulate internal thermal environment of a dwelling.. Fig. 12 is a vertical cross-
section of the courtyard (key: n=night, c=cool, h = hot, a = air, d = day). 
 
3.2 The roof: 
 
Within the dwelling; the family uses the roof of the 
house for sleeping in the open air during summer nights. Roof 
top is used for sleeping as the rooms remain hot at night due to 
small ventilation. During winter, the heat stored in walls during 
daytime radiate at nights in the rooms and provides the comfort 
without using mechanical system. The roof is usually subdivided 
with partitions to provide separate spaces for children, parents 
and guests. Parapet walls, which also enclose the roof area, are 
built high above the roof for visual protection of the family and 
to provide shade. 
 
3.3 Colour of external surfaces: 
 
The colour of the building walls not only affects the 
interior climate conditions, but also the lighting and glare in the streets. The contradiction may exist 
 
Fig. 11: General view from of a typical courtyard in M’zab settlements. 
 
Fig. 12: Vertical section through a typical courtyard in 
M’zab settlements.  
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between the requirements for comfortable indoor climate and those necessary to reduce the glare in the 
streets. In a hot-dry climate a white colour of the walls will reduce indoor heat load but will increase 
outdoor glare. 
 
4. Building components 
 
4.1 Building materials: 
 
Dwellings are built with thick walls of high thermal 
capacity, from locally available materials, such as 
stones, mud and lime. This reduces fluctuation of 
internal temperature. Thick walls and roofs work as 
insulators and reservoirs of heat during the day. At 
night, stored heat is released partly to the house and 
partly to the outside. Heavy buildings provide 
comfortable internal spaces during the day. Fig. 13 
shows building materials (stone and mud) used to 
construct dwellings in Melika Ksar (a M’zab 
settlement). 
 
4.2 Structure 
 
Shelter is an essential factor in the stability of desert society, so that much importance is given to 
its sustainability. This has been achieved in the methods of construction and building material used. The 
settlements are built of locally available materials like stone, adobe, wood, lime, clay or mud, in harmony 
with the surrounding environment. Random stone walling in lime mortar is used. The lime is extracted 
from calcareous rocks (gray, red or white color) abundantly found at a depth of about 0.3 m. The lime 
extracted is red and dried in small traditional ovens. It dries quickly and has high resistance and cohesion. 
Wood is cut from palm trees and used in beams, windows and doors. The building walls are 1 m thick at 
the base and reduce to about 0.2 m at the roof level, and may be faced or rendered with lime plaster. They 
are laid directly upon rocky soil. Large random-sized blocks in lime mortar are used in foundations and 
walls, which carry doors and roofs. Thick walls and roofs work as insulators and reservoirs of heat during 
the day. Floors are constructed with palm branches joined together and arranged between timber bearers. 
With such materials, thermal and acoustic insulation is provided. Fig. 14 shows a typical ceiling 
constructed from palm branches and timber beams. The timber bearers are usually about 2 m long and 
separated from each other by 0.3 and 0.4 m. They span between plates on the load-bearing walls. Arches 
and semicircular stone vaults are also used, supporting stone doors bound with lime mortar with a top 
layer of compact mud about 0.2 m thick to improve thermal insulation. 
 
4.3 Building fenestration: 
 
Most buildings have few and small windows if not totally 
blind (Fig. 10 and 13) in order to reduce heat transfer 
through them as well as hot air during the day. This is the 
reason why all openings are orientated towards the 
courtyard and occasionally to shady streets and cul-de-sac. 
These conflicting requirements can be often resolved by 
horizontal overhangs projecting from the walls that not 
only protect the windows from solar radiation but also 
 
Fig. 14. Typical ceiling constructed with palm branches joined 
together and arranged between timber bearers. 
 
Fig. 13: Stone and mud are typical building materials used for 
constructing dwellings 
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extend over the entire length of the wall. Such overhangs cast shade on the section of the wall below them 
and also block from pedestrian view part of the sun lighted section above them. In this way they can 
greatly reduce the glare for the pedestrians. As the windows go higher on the walls, light penetration 
increases with lesser heat gain. 
 
5. Conclusion 
 
Vernacular settlements or Ksur in southern Algeria provide good lessons of how a site may be exploited 
to assist defense, to benefit from natural ventilation and cooling, while providing shelter from the sun and 
adapting generally to severe local climate. It has valuable features that could be a source of inspiration for 
the reinforcement of sustainability in building design and town planning in the future. These features 
came from the fact that vernacular settlements were built in response to climatic and environmental 
considerations. They can be summarized in the following points: 
- Compactness of a city response well to environmental stress and improve comfort inside buildings. 
- On the residential level, the courtyard house is one of the most successful and easily achievable 
architectural means to mediate between open and closed, inside and outside, social constraints and 
environmental requirements. The vernacular courtyard houses responded well to extremes of climate, 
especially heat and aridity. Yet it was due primarily to its strong cultural rootedness and environmental 
appropriateness that the courtyard house returned to the vanguard of architectural discourse. Provision of 
a central courtyard is preferable which helps in achieving shaded spaces, natural light in most of the 
places and better circulation of air without providing many openings on the exteriors surfaces. However, 
provision of courtyard is effective only if it has a plan area and volume relationship proportional to built-
up area and its volume. 
- Size, form and orientation of the streets and overall built form should be in co-ordination with the 
orientation of the sun and prevailing wind direction. Linear layout of buildings and streets were avoided 
in all traditional settlements and this was better shading distribution within the city. 
 -Vegetation is a passive energy saving technique. It controls wind, solar radiation and temperature 
extremes of climate. 
 - When intermediate spaces are provided between external and internal spaces, heat from outside 
dissipated before entering interiors. Non-habitable rooms such as toilets, stores and galleries can be 
provided as heat barriers in the worst orientations on the outer periphery of the building. 
- The envelope of the building should be thick and heavyweight to create thermal time-lag, thus creating 
comfortable conditions. The size and position of a window on the envelope is extremely important in 
reducing the amount of heat penetration. 
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